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Spectro-Chemical Studies 
on 

Some Biochemical Color Reactions. 

By 

Tetsutnl'o Tadokoro. 

With 3 I Figures and 20 Photograms. 

There are many color reactions commonly used in the biochemical 
investigations of natural stuff. But in these investigations, we meet 

often with the difficulty of distinguishing the true color reaction from 
reaction caused by the presence of contaminating colors. For the 

distinction of the true color from a similar color, or for the sifting of 
the true one from contami'nating colors, spectrochemical methods are' 
very important because they are proved to be exact for the detection 

of the true color' 'reaction. 
Until now, many spectrochemical results (to which we refer in the 

following experimental parts) have been reported, but almost all measur­
ments are inaccurate. Most of them were measured only in the visible 
portion and there is no result given as to the absorption band in the ultra­
violet portion of the spectrum. The following spectrochemical investiga­
tions of color-reactions were undertaken to obtain accurate measurements 
of absorption bands with a quartz spectroscope. As a source of light we 
used an electric lamp for the visible portion and ,an iron arc or a hy­

drogen lamp for the invisible portion of the spectrum. ' 

[Jour. of the College of Agric., Hokkaido Imp. Univ., Sapporo, Vol. X., Pt. 6, Dec. 1922.J 
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EXPERIMENTS. 

In the following experiments we used as a source of light an 

electric lamp, an iron arc and a hydrogen tube with a capillary 5 cm. 
long, filled with hydrogen at 8 mm. pressure. For the operation of 
this hydrogen lamp, we used an alternating high voltage current 
obtained from a transformer. The primary circuit was supplied with 
alternating curreut at 220 volts, and a rheostat in series was used to 
maintain the primary current at four amperes, giving a voltage of 2000 

in secondary. A quartz cell 12 mm. thick was filled with the mixtur.e 

of reagent and interposed between .!he hydrogen lamp and the spectro­
graph. Here all photographs were taken ,:"ith 7 minutes exposure, 
using panchromatic Wratten and Wainright dry plates. The method of 

obtaining a uniform ultraviolet spectrum by the use of hydrogen tube was 
described by Prof. H. B. LEMON1

) and we also used the same light source. 

As a source of light for the visible portion of spectrum, we used 
a tungsten lamp of 100 candle power and as farther source of light 
for the invisible portion, an iron arc was prepared with 250 volts and 
4 amperes, direct current. Photographs were taken with 6 seconds 

exposure, using the iron arc and with 30 seconds exposure by the 
tungsten lamp. 

SAMPLES. 

Glucose ... (f. Karlbaum) ... white r:rystaIline powdcr ... m.p. 146°'C"'["'Dl = + Sl°,9 ... Birotaton. 

Fructose ... ( " ) .. .light brown crystal. .. m.p .... 94°·SC ... ["'Dl=-91°.S ... very hydroscopic. 

Mannose ... ( " ) ... white powder ... m.p. 132.oSC ["'D] = + 14·os ... form5 phenylhydrazon. 

Galactose ( " ) .. white crystalline powder ... m.p. 16So·SC ... ["'Dl = +80·°9 forms music acid. 

Arabinose ( " ) ... white crystalline powder ... m.p. IS9·°C. ... ["'D]= +lOso ... forms furfurol. 

Xylose ... ( " )... " m.p. lSI.°c. ... ["'Dl=+18°,S 
Furfurol (by author) light yellow liquid ... B.p. 162°C ... Sp. gr. = 1.1628. 

Creatinin (by prof. Koch, Chicago, Univ., U.S.A.) ... prismatic crystal ... m.p. 234°C .. ,forms 1,6 

times of zinc chloride salt. 

Tryptophan ( " ) ... silky crystal. .. m.p. 2S20,C'''['''Dl=-32.oS. 
T)rosin (r. KarILaum) ... neadle like crystal. .. m.p. 298,oC ... ["'n1= -8·°5. 

Histidin ( " ) plate like crystal ... m.p. 2S2°.C ... [ "'D 1 = -6.oS".positive pynol reaction. 

Uric acid ( " ) ... rhombic crystal...positive Deniges and Schiff's murexid reaction. 

Skatole (by Prof. Koch) ... brownish plate like crystal ... m.p. 93.oC ... faecal odor. 

Arhutin (f. Karlbaum) silky crystal ... m.p. 147o.C ... no reducing power. 

Gallotannic acid ( " ) .. .yellow powder ... m.p. IS3°·C. (carbonify) 209°·C. (decomposed). 

Salicylic acid ( " ) Needle like crystal ... m.p. lSS.oSC ... soluble chloroform and ether. 
Antipyrin (f. Park Devis) crystalline powder ... m.p. 11I.osC ... precipitate with tannic acid. 

1) Lemon:-Astrophysical Journal, XXXV., 109-124 (1922). 
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These results showed three curves between 7°°0-62°°1'-1'" 4800-
4000I'P and 25°0-2800/1/1. The latter (2500-2800) is not the absorp­
tion band of creatinin but it belongs to picric acid solution. 

D. Tryptophan. 

8. Reaction with glyoxylic acid :-Tryptophan 'solution shows a 
reddish violet color with glyoxylic acid.1

) We examined this reaction 
with an ultra-spectroscope as above. 

Concentration 
of tryptophan 

solution 

Iron arc 

0·02 % 

0'°5 % 

0'°7 % 

0·10 % 

0·25 % 

0'50 % 

0·75 % 

TABLE I I. 

Reagents 

Water only ................................... . 

Wave.lenglh of a boundary line 
of the absorption band 

2265 

2335 

2735 

2745 

2965-5400-5800 

2990-4490-4825-4925-6150 

3200-4410-625° 

Here we trace the following curve from the above results. 

1) Cole:-Jour. of Physio!.. 30, 3U (1906). 
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The above curve shows two absorption bands between 5200-4000 

and 3500-2500/,-/1. 

E. Tyrosin. 

10. WURSTER'S reaction :-This reaction of tyrosin shows a red 
color by adding a few drops I % of acetic acid and I % sodium nitrite 
solutionP We examined this reaction with an ultraspectroscope and we 
obtained the following results. 

TABLE 13. 

Concentration 
of 

tyrosin sol. 

0.02% 

0.025 % 

0.050 % 

0·100 % 

0·200 % 

0.50 % 

0'75 % 
1·00 % 

Reagents 

5cC H20+3cC 1% acetic acid 
+2CC I % sodium Nitrite 

tyrosin sol. 5CC ,. " 

" 
,. 

" 
" 
" " 

" " 
" 

,. 

Wave-length of a boundary line of the 
absorption band 

Electric lamp Iron arc 

3265 2550 

3765 3010-3280-3680 

3935 3775 

4085 4000 

4275 4145 

4395 5075-6600 

4550 5075-6275 

4550-5175-5050 5075-6150 

4550--4950-5 225 

Here we trace the following curves from the above results. 

1) Centro b1. Physiol., I, 193 (1888). 
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TABLE 20. 

Name of sample Reactions 

Creatin 

Tryptophan 

Tyrosin 

Histidin 

Uric acid 

Scatol 

Weyt's reaction ............... 0.06% Jaffe's reaction ............... 0.125% 

Glyoxylic acid reaction ...... o.!o% Adamkiewitz's reaction ... 0.025% 

Wurster's reactiun ......... 0.05-% Diazo.reaction ......... 0.01-0.05% 

Diazo·reaction ............ 0.0002% 

Phosphotungstic acid react. 0'5% K·bichromate react ....... 0.25--0'5% 

P.dimethylbenzaldehyd react. . .................................. 0.025-0'05% 

Part Ill. Some color reacti01ls 0/ glucosides and alkaloids. 

J. Arbutin. 

16. Nitric acid reaction :-Arbutin solution shows a green color 
reaction with fuming nitric acid!). We examined this reaction with an 
ultraspectroscope and obtaining the following results. 

Concentration of arbutin sol. and 
Reagents 

0.1% albutin only 

Sec H 20+2CC HNOa ... 
Sec 0.001% arbutin+2cc HNOa .. 0.0025 .. 
" 0·005 " 
" 0·0075 .. 
" 

0·010 
" .. 0.01 5 .. 

.. 0.025 
" 

" 0·050 

" 0·075 

" 0·10 
" 

TABLE 2 I. 

Wave.length of a boundary line of the 
absorption band 

Electric lamp Hydrogen lamp 

3260 3245 
3435 32 75 

3320-3665-3925 
4145 4100 

4175 

4275 4220 

4375 

4475 4475 
4525 
4525 
4575 
4650 

Here we trace the following curve from the above results. 

1) REIClfARD:-Pharmaz. Centrabl., 47, 555 (1906). 
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These results showed two absorption bands between 450o-6000p,p. 

and 3300-4200/1/1. 

L. Gallotannic acid. 

18. Potassium cyanide reaction :-Gallotannic acid solution shows 
a reddish brown color reaction with potassium cyanide.1

) We examined 
this reaction with, an ultra spectroscope and obtained the following results. 

TABLE 23. 

Concentration of gallotannic acid 
solution and reagents 

0.1% gallotannic acid solution only 

5cc 0.001% " +1 drop KCN(I%) 

5CC 0·002 " 
" 0·005 ,. 

0.0075 

0·010 
" 

" 
0.0125 " 

" 
0.015 

" 
0.025 ,. 

" 0·05° 

0·100 " 

Wave-length of a boundary line of the 
absorption band 

Electric lamp Hydrogen lamp 

3245 2260 

3395 35 25 

3770 3665 

5075-3845 3725 

5100-3920 3880 

5150-4950-3980 

4115 

5275-4870-4200 

4295 

4355 

4378 

Here· we trace the following curves from the above results. 

1) Biochem. Jour., 2, 96 (1907). 
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These results showed two absorption bands between sooo-S2oOfJ.P 

and 33oo-4300PP. 

• 

25. FROEDES reaction :-Codein phosphate solution shows a reddish 
prawn color with Froedes reagent, i.e. molybdic acid and sulphuric acid.I

) 

We examined this reaction with an ultraspectroscope and obtained the 
following results. 

TABLE 3I. 

Concentration of codein solution and 
reagents 

0.1% codein phosphate ... 

scc 0.001% code-in phos. + Idrop molybdic acid 
+3cc H2S04 

scc 0·002% " 

" 0.0°4% " 

" 0.008% " 
0.016% " 

" 0.035% 

" 0'°50% " 
" 0.075% " 

0.0125% " " 

'Wave-Iength of boundary line of 
the absorption band 

(Electric lamp) 

3345 

3545 

3670 

3745 

3765 

5750-40 35 

5000-4200 

4955-4365 

4902-4475 

4501 

Here we trace the following curve from the above results. 

1) ABDERHALDEN: (I.c.) 
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R. Nicotin. 

27. Formalin and nitric acid reaction :-Nicotin solution shows a 
red color reaction with formalin and nitric acid.!) We examined this 

reaction with an ultraspectroscope and obtained following results. 

TABLE 33. 

Concentration of nicotin solution and 
reagents 

5cC H20+ 1 drop formalin+2cc HNOe 
5ec 0.00025% nicotin 501.+1 drop formalin 

+2CC HNOa ... 

" 0.0005% 

" 0.00075% 

" 
o.OCJ1% 

" 0.00125% " 
5ec 0.00150% " 

" 0.00175% " 
" 

0.0020% " 
" 0.0025% 

" 0.005% " 
" 0.0075% " 
" 

0.010,96' 

" 
0,0125% " 

" 0'0150% 

Wave-length of boundary line of the 
absorption band 

Electric lamp Hydrogen lamp 

3325 2785 

3265 

3265 

3285 

3480 

3542 

3625 

3685 3285 

3750 5225-5100-3285 

3795 5302-4925-3285 

3823 

5125-390 5 

5350--4950--3925 

5400-4875-4035 

5400-4825-4095 

Here we trace the following curves £I'om above results. 

I) ABDERHALDEN :-(l.c.) 
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TABLE 34. 

Concentration of morphin solution and 
. reagents 

scc 0.001% morphin 50l.+ I drop marquis reagent 
5cc 0.002% 
" 0.004% 
" 0.0075% 
" 0.0125% 
" 0.025% 
" 0.050% 
" 0.10% 

Wave· length of a boundary line of the 
absorption band 

Electric lamp 

3310 
3555 
3650 

3825 
3920-5025 

4620-4275-5325 
5725 
60 75 

Hydrogen lamp 

3415 

3620 
3830 

3960 

53 25 

Here we trace the following curves fi'om the above results. 

Fig. 31. 

A=6lTOIJ 

These results showed two absorption bands between 35 00-40oo,u/l 
and 4500-5500/1/1. 
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SUMMARY. 

The results of the above experiments are summarized in the 
following table, comparing the position, the rate of growth and the in­
tensity of the absorption bands of different color-reactions. We compared 
the position of the absorption bands with the wave-length which was ab­
sorbed at minimum concentration. We compared the position of the 
boundary lines of the absorption bands in the shorter and longer wave­

lengths. The rate of growth of the absorption bands was compared 
with the form of their curves which are discribed in the table as sharp 
or dull. The intensity of the reaction was compared with the minimum 
concentration of the solution which showed a definite absorption band 
on the photographic plate. 

TABLE 36. 

Name Position of Minimum 
of Reaction the absorption band Rate con· 

sample (in min'l (boundary line) 
of growth centration 

con.) 

Part I. Hexose. 

Glucose Neuman' R. 5070 betw·4900-535O very sharp 
}1/8% No 3500-4050 

Fructose No 
" 

3500-6100 grows gradually 

Mannose 5150 
" 4750-5350 sharp 

}1/4% 
No 

" 3500-4250 dull 

Galactose 5050 
" 4500-6000 dull 

}1/4% 
No 

" 3500-4400 

Glucose Diazobenzene suI. R. 5400 
" 5750-5000 dull 

No 
" 3500-4750 

Fructose 5300 
" 4900-5750 dull 

No 
" 3500-4500 

Mannose 5300 
" 4500-5750 dull 

No 
" 3500-4400 

Part II. Pentose. 

Phloroglucin R. 
I 

Xylose No Ibel w. 6000-5000 
}0.01% I 

2650 " 2600-3200 

Arabinose No 
" 

6000-5000 
}0.025% 

2650 .. 2600-3200 
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Name Position of 
Rate Minimum 

of Reaction the absorption band 
of growth con· 

sample (in. min. (boundary line) centration 
con.) 

Xylose Neuman's R. 5900 betw. 5350-6250 dull 
}0.15% 

5100 
" 5350--4900 

No 
" 3750--4100 

Arabinose 
" 5900 

" 5450 - 6250 dull 
}0.025% 

5100 " 5450-4900 

No 
" 3850--4200 

Furfurol Anilin acetate R. No 
" 3600-4300 grows gradually 

Part III. Protein decomposition products. 

Creatinin Weyl's R. 4050 betw·4000-37OO very dull 
}0.06% 

No 
" 2800--3500 

Jaffe's R. No 
" 7000- 6700 }o.12S% 

No 
" 4800-4000 

Tryptophan Glyoxylic A.R. 5700 
" 6250-5000 dull 

}0.1O% 
4600 " 4800-4000 

No 
" 2500- 2800 

Adamkiewicz's R. 4700 
" 4000-5000 sharp }0.025% 

No 
" 3500-2500 

Tyrosin Wurster's R. 5000 
" 5500-4800 }0.05--O. IO% 

No 
" 

6000-6500 

No 
" 3500-4500 }O.OI--O.OS% 

Diazobenzene suI. R. No 3000-5500 

Histidin 5250 
" 5500-4800 sharp .}0.0002% 

No 
" 2990-3500 

Uric acid Phosphotungstic A.R. No 
" 3000-3500 0·°5% 

Pot. Bichromate R. 3400 
" 3200-3600 

No 
" 30 00-3200 0.25-0 .5 % 

No 
" 6000-6500 

Scatol p-Dimethylbenzal- 5400 6500-4500 sharp 1 
dehyd R. Ir0

25
-No 

" 3000-4000 0·05% 

Part IV. Glucosides and alkaloids. 

Arbutin Nitric acid R. No betw·5oo0-3600 dull 
}0.001-

" 3600-3200 0.002% 

Salicin Sulphuric acid R. 5050 
" 6000-4500 sharp 

}0.OO2-
No 

" 3300-4200 0.004% 
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